sequence data, and show beyond doubt that both dicyemids and orthonectids are members of 24 the Lophotrochozoa. Carefully addressing the effects of systematic errors due to unequal 25 rates of evolution, we show that the phylum Mesozoa is polyphyletic. While the precise 26 position of dicyemids remains unresolved within Lophotrochozoa, we unequivocally identify 27 orthonectids as members of the phylum Annelida. This result reveals one of the most extreme 28 cases of body plan simplification in the animal kingdom; our finding makes sense of an 29
annelid-like cuticle in orthonectids [1] Using blast we identified a 14.2kb mitochondrial contig in the assembled I. linei genome, 176 which we annotated using MITOS [23] . The location of protein-coding genes were manually 177 verified from MITOS prediction, and inferred to start from the first in-frame start codon 178 (ATN, GTG, TTG, or GTT). The C-terminal of the protein-coding genes was inferred to be 179 the first in-frame stop codon (TAA, TAG or TGA). We aligned the Intoshia and Dicyema 180 NAD5 genes with those from 5 protostomes, 4 deuterostomes, and 2 non-bilaterian species in 181 the Geneious software to visualise Protostome specific signatures in the sequence. 182
183

Mitochondrial Phylogenetics 184
We grouped the mesozoan mitochondrial protein coding genes with their orthologs from 65 185 other species selected to cover the diversity of the Metazoa including diploblasts, 186 deuterostomes and ecdysozoans but with an emphasis on the diversity of Lophotrochozoa. 187
We aligned each set of orthologs using Muscle [24] v3.8.31 using default parameters and 188 trimmed these alignments to exclude unreliably aligned positions using TrimAl [25] (version 189 1.2 rev 59 using default settings). Finally, we concatenated the trimmed alignments of all 190 genes into a supermatrix of 2969 positions. We inferred a phylogeny with phylobayes (4.1b) 191 under the CAT+G4 model. We ran 10 independent chains for 10,000 cycles each. We 192 summarised all ten chains (bpcomp) discarding the first 8,000 trees from each as burnin. Using the mpi version of phylobayes (in v.1.7) run over four independent chains for 5000 223 cycles and discarding the first 4500 trees as burnin we reconstructed a phylogeny using this 224 alignment under both the CAT+G4 model of molecular evolution. To provide a conservative 225 measure of clade support and to test different data samples in a reasonable time we also 226 reconstructed trees using 50 jackknife sub-samples of 30,000 positions each from the 227 supermatrix. We used phylobayes 4.1c with the aid of the gnu-parallel command line tool 228
[32] and the UCL HPC cluster. We used the CAT+G4 model, and also compared results 229 from LG+G4. We ran phylobayes for 2000 cycles per jackknife sample which consistently 230 resulted in a plateauing of the likelihood score. We summarised all 50 of these phylobayes 231 analyses per model (using bpcomp) discarding the first 1800 sampled trees per jackknife as 232 burnin. We also tested the effect of different species compositions in our dataset by 233 performing phylobayes jackknife sampling with different subsets of taxa. 234
235
Cross validation 236
We compared the fit of CAT+G4 and LG+G4 models to our data using cross validation as 237 described in the phylobayes user manual. We ran 10 replicates and for each replicate we used 238 a randomly selected 30,000 positions of the data as a training set and 10,000 randomly 239 selected positions as the test set. Log likelihood scores were averaged over the ten replicates 240 using the sumcv command. 241
242
Ranking genes according to support for monophyletic Annelida. 243 We first removed all Intoshia and Dicyema sequences from each individual gene alignment. 244
For each individual gene, we reconstructed a tree from the aligned protein coding sequences 245 using Ninja [33] . Each tree was parsed using a custom script to find the proportion of 246 annelids in the data set present in the largest clade of annelids found. The tree was given a 247 score which was calculated as the number of annelids in the largest clade/total number of 248 annelids on the tree. Trees with larger monophyletic annelid clades scored highest. The 249 genes were then concatenated in order of their score. We took the first 25% of positions from 250 this concatenation (those genes with the strongest signal supporting monophyletic annelids) 251 and analysed jackknife replicates as before. Tables  322  323   Supplementary Table 1  324 Predicted correspondence of nucleotide triplets to amino acids in Intoshia and three Dicyema 325 species. For each triplet, the amino acid corresponding to the triplet in the standard 326 invertebrate mitochondrial code is shown, the number of observations of the triplet to 327 prediction is based on, the predicted amino acid and its score and finally the second highest 328 scoring amino acid prediction. The triplets AAA and ATA are highlighted in green and likely 329 errors highlighted in blue. Likely errors are mostly associated with very low numbers of 330 observed GC rich triplets in these very AT rich mitochondrial genomes. 
